Five species and three hybrids of Japanese Trilliums (x=5) are known, and their genomic constitutions have been determined by a series of studies (Raga 1937 (Raga ,1951 (Raga ,1956 Haga and Kurabayashi 1953) . The purpose of the present article is to report detailed features of chromosomal polymorphism in the constituent SU genome complex, as revealed by the patterns of H-segments in the cold-treated chromosomes.
The SU complex is present in the following species and hybrids:
T. apetalon Makino SSUU 2n=20 (4x) T. smallii Maximowicz K2K2SSUU 2n=20 (6x) T. X yezoense Tatewaki K1SU 2n=15 (3x) T. X miyabeanum Tatewaki K2TSU 2n=20 (4x) Genome K1 derives from T. kamtschaticum (K1K1) and a genome complex K2T from T. tschonoskii (K2K2TT). It will be noticed that genomes S and U always occur combined in the SU complex in the species and hybrids, progenitor diploids SS and UU being extinct.
MATERIALS AND METHODS
All the plants used were those collected by Haga in the course of his Trillium Project, which started nearly forty years ago. His collections were made by random sampling at localities indicated in the following tabulation.
The plants were preserved for study in the Trillium Garden of the Botanic Garden, Hokkaido University, under the generous superintendence of the directors and through kind cooperation of the staff members.
Region and locality Number of plants studied** Figure 2 in Kayano and Watanabe 1970) . Cytological preparations were made according to the method described in a previous paper (Kayano and Watanabe 1970) .
CHROMOSOME CLASSIFICATION
The five chromosomes constituting a genomic set in Trilliums were designated according to length as A, B, C, D and E, A being the longest and E the shortest (Raga 1934 (Raga , 1951 . Patterns of H-segments revealed by the cold-treated chromosomes have been shown to be constant at the `final state' of the reaction Kurabayashi 1953, 1954) . Different types of patterns of H-segments were distinguished in every one of the five chromosomes of the SU complex.
The number of different types of patterns of H-segments was 7 in chromosome A, 18 in B, 10 in C, 7 in D and 12 in E (Figs. 2-3 ). The different types were indicated by numbering, e.g., Al-A7 in chromosome A, B1-B18 in B, etc. Finer distinctions were made between the pattern of H-segments, as exemplified in the following case of chromosome B. Types B6 and B7 are different with respect to the length of the Hsegment in the short arm. The segment is longer in B7 than in B6. This difference was manifested repeatedly in many cells in which B6 and B7 coexisted as homoeologous chromosomes comprising two homologous pairs, B6.6 and B7.7, each homozygous for H-segments (Fig. 1) . The difference between B6 and B7 is not marked but consistent in all the cells observed in an individual as well as in all those observed in different individuals. The same kinds of differences in the lengths of H-segments were found with respect to other chromosome types as well, e.g., among B2, B3 and B11, between E4 and E5, between E11 and E12, etc. Distinctions among particular chromosome types were based simply on morphological differences in the patterns of H-segments. Thus, in certain instances homoeologous chromosomes belonging to different genomes could be indicated by the same chromosome symbol with the same numbering of types. For example, a homoeologous pair of B chromosomes in Karyotype 13 in the Kt population of T. acpetalon is indicated as B-7.7/7.7, where the decimal mark separates homologous chromosomes and the slash separates homoeologous pairs (cf. Haga, Uchino and Watanabe 1975) . Such an example illustrates the inevitable ambiguity inherent in the present method of classification, an important point that should not be overlooked in the following descriptions, CHROMOSOME A (Fig. 2 , Al-A7): A1, A5 and A7 all have three H-segments. Al and A7 differ from each other with respect to the arms that have two H-segments Both the H-segments are very short or slit-like in A1, but the H-segment connecting two spherical segments are of medium length in A7. A5 is distinguishable from Al and A7 by having a very short slit-like H-segment in that arm with but a single Hsegment.
The corresponding segment is of medium length in Al and A7. A2 is a single type having four H-segments.
Five H-segments are discernible in A3 and A6. One H-segment each on either arm of A3 is of medium length, whereas all five H-segments in A6 are very short or slit-like.
A4 is a single type having six H-segments all of short or medium length. CHROMOSOME B (Fig. 2 , Bl-B18) : No H-segment is manifested in B14. One H-segment each is revealed by B1 and B17, being located on the short arm in B1 and on the long arm in B17. B2, B3, B11, B15 and B16 all have two H-segments, one on each arm.
The length of the H-segment on the long arm is medium in B2 and very short in B3, the relationship being vice versa with respect to the short arms. Both H-segments are very short in B11. In B15 and B16 the H-segment on the long arm is very short and slit-like.
The short arm of B16 differs from that of B15 in having an Hsegment of considerable length connected to a dot-like proximal segment and to a bulky distal portion.
Both of the H-segments of B4 are located on the long arm, whereas the two H-segments of B12 are located on the short arm.
The short arm of B12 is characteristic in having two small dot-like proximal segments separated by a very short H-segment.
Three H-segments are discernible in B5, B6, B7, B13 and B18. In B5 and B18 one of the three H-segments is located on the long arm.
The H-segment is very short in B5 and of medium length in B18. The long arms of B6 and B7, both with two Hsegments, are closely similar, but the H-segment of the short arm is short in B6 and of considerable length in B7 (cf. Fig. 1 ). The long arm of B13 is characteristic in having two short H-segments separated by a small dot-like segment. B8 and B9 show four H-segments, two in each arm. The distal one of the two seg-CHROMOSOME C (Fig. 3 , C1-C10) : The short arm of chromosome C usually reveals no H-segment, but ten types are identified for the long arms.
C10 represents a single type having two H-segments.
C1, C2, C3, C4 and C9 each reveals three H-segments. In C1 and C9 three H-segments are short or slit-like, this feature distinguishing them from the remaining three types each with three H-segments.
The proximal H-segment in C9 is longer than that in Cl. C2, C3 and C4 are different from one another in the position of the middle one of the three spherical segments.
C5, C6, C7 and C8 reveal four H-segments, of which C8 differs from the others in having the four H-segments short or slit-like.
The latter three types are distinguishable by the different patterns of assemblage of the four spherical segments. CHROMOSOME D (Fig. 3 , D1-D7) : The short arm of all D chromosomes is provided with a very short H-segment.
The H-segment configuration of the short arm of D3 is of a particular size and structure and resembles that reported in American Trilliums (cf. Kurabayashi 1963) . This special segment distinguishes D3 from D2. Other types of H-segments appear in the long arms.
The long arm of D1, D2 and D3 each reveals two H-segments.
D1 is distinct from D2 in the close proximity of the two spherical segments.
There are three H-segments on the long arm of D4 and of D7, the position of the middle of the three spherical segments being proximal in D4 and distal in D7. D5 and D6 are furnished with four H-segments but differ in the patterns of distribution of the four spherical segments. CHROMOSOME E (Fig. 3 , E1-E12) : No H-segment appears in E1. E2 and E3 each have a single short H-segment located on the short arm in E2 and on the long arm in E3. Two H-segments are seen in E4 and E5, one on the short arm and the other on the long arm. The H-segment of the long arm of E5 is invariably longer than that of the long arm of E4.
Each of the chromosomes E6 through E10 possesses three H-segments. The long arm of each of E6, E7 and E8 is indistinguishable from one another, each showing a very short H-segment. In E6 two neighboring short H-segments of the short arm are separated by a tiny dot-like segment.
In E7 and E8 one of the two H-segments of each short arm is of medium to long length, while the other one is very short. In these short arms an H-segment of medium length occupies a position between the two spherical segments in E7, while such a segment occupies a position distal to the two spherical segments in E8, surmounted by a terminal bulky segment. E10 differs from in the SU genome complex of E9 with respect to the long arm, the distal spherical segment being distinctly smaller in E10 than in E9. Four H-segments are seen in Ell and E12. These are all very short or slit-like in E11, while in E12 the distal one of the two H-segments of the short arm is comparatively long.
EREQUENCIES OF CHROMOSOME TYPES
In tetraploid T, apetalon (4x=20, SSUU), where chromosomes A-E are each represented four times, there is for each chromosome a homoeologous pair consisting of two subpairs of homologous chromosomes, e.g., Al.1/3.3, B6.7/7.7, etc. But, in the absence of progenitor diploids SS and UU and of tetraploids of the constitution SSK2K2 or SSTT, it is not possible to determine the genome to which a particular chromosome belongs.
Therefore, the chromosomes are classified simply by the patterns of H-segments, disregarding the genomes and species. Certain chromosome types are distinctive as compared to others and repeatedly manifested in plants in which determination of types of all the constituent chromosomes was impossible. Such types were numbered and their frequencies recorded in parentheses but excepted from the statistical considerations, i.e., (A4), (B4) and (Dl). In hexaploid T. smallii (6x=30, K2K2SSUU) chromosomes of the genome K2 are slightly variable (cf. Uchino 1975a, b) . This is in contrast to a previous statement to the effect that the chromosomes of K2 in T. tschonoskii (4x=20, K2K2TT) and in T. hagae (3x=15, K1K2T) are stable and constant in the patterns of H-segments (cf. Haga 1969) . In the present article the frequencies of the chromosome types given are confined to chromosomes composing the SU complex, chromosomes of K2 in T. smallii being omitted (cf. Uchino 1975a, b) . The variations in chromosomes of the SU complex are parallel in both T. apetalon and T , smallii.
Abolition of genomic distinctions renders statistical presentation of the frequencies of SU chromosome types quite simple and plain. The total number of each of the five chromosomes,
A-E, is 200 in the case where 50 plants are analyzed, i.e., populations Kt, Mn, Fj, Hy and Mr in T, apetalon, and Mr in T. smallii (Tables 1-5 ). The number is 40 in the case of 10 plants, i.e., population Hg in T. apetalon (Tables 1-5 ). The number is 160 in the case of 40 plants, i.e., population Hk in T. apetalon and Hk in T, smallii.
Since one out of 40 plants of T, smallii was haploid (3x=15), the total number in this instance becomes 158 for every chromosome, A to E (Tables 1-5; cf. Uchino 1973) .
The four A chromosomes were assortable into a single homoeologous pair, homologous chromosomes being homozygous for H-segments Al and A3, respectively, thus Al .1/3.3, in all the plants from three populations, Kt, Mn and Hy, of T , apetalon and the one population, Mr, of T. smallii.
Naturally, the frequencies of Al and A3 total 100 (Table 1 ). This fact indicates that chromosome A is fixed as Al and A3 in both genomes S and U in the populations enumerated above. However, it is not possible to determine which one of the two, Al or A3, belongs to genome S. The circumstance is the same with regard to genome U. By optional choice Al is assigned to S* and A3 to U*, based on the frequency ratio of 100:100 common to the Kt, Mn and Hy populations of T, apetalon and to Mr of T. smallii (Table 1 ). It follows then that S* is dimorphic with respect to the presence of the two types Al and A2 in populations Hg, Fj and Mr of T. apetalon, where U* is fixed with respect to A3. Moreover, S* is polymorphic in comprising A7 as revealed in population Mr of T. apetalon, where U* is fixed with respect to A3 ( Table 1) . The presence of A5 and A6 in equal frequencies in the Hk population of T, apetalon and of T. smallii indicates that both S* and U* are polymorphic also further with respect to these chromosome types.
The same reasoning as that used in connection with chromosome A can be adopted in C. The frequency ratio of C4 : C5 is 100:100 in population Hy of T. apetalon and 79:78 in population Hk of T. smallii, which includes one haploid (2n=15) and one hypoploid plant (2n=29) deficient for one C chromosome (Table 3) . Based on these equalities in the frequencies of C4 and C5, C5 may be chosen to compose S* and C4 to compose U*. Accordingly, S* is at least polymorphic with respect to C2, C3 and Frequency of different types of chromosome C' Table 4 . Frequency of different types of chromosome D C6, as is evident respectively in population Mr of T , smallii and in populations Kt, Mn and Hg of T. apetalon, where frequencies of C from U* are commonly fixed as C4 (Table 3) .
If D5 is chosen to compose U* and D4 to compose S*, based on the frequencies of D4 and D5 in populations Kt and Mn of T. apetalon, then S* is at least dimorphic with respect to D2 and D4, as is unquestionable in population Fj of T, apetalon (Table  4) . U* is also dimorphic, for it includes D4, which is morphologically indistinguishable from D4 of S*, as revealed by the fact that all 40 chromosomes are D4 in population Hg of T. apetalon (Table 4 ). The impossibility of distinguishing D4 chromosomes from the two different sets S* and U* explains why the frequency of D4 surpasses 100 in the Mr populations of T, apetalon, and of T. smallii.
Type B6 in T. smallii amounts to just a half of the total frequency of chromosome B, that is, 79= (158/2) in population Hk and 100= (200/2) in Mr (Table 2) . It is hardly a matter of chance that the frequencies of B6 are the same and at a particular level of 1/2 of the total in two populations separated by an oceanic distance of about 70 km. If type B6 is a chromosome of U*, then it is probable that the homoeologous chromosome in S* is B7, since the frequency of B7 surpasses half of the total frequency in populations Kt and Mn of T. apetalon (Table 2 ). In any case S* is polymorphic with respect to Bl, B2, B5, B11, B14 and B16, as can be seen in the chromosome types identified in the two populations Hk and Mr of T, smallii (Table 2 ). In the reasoning described above, the first chromosomes selected to represent set U* were chosen in such a way as to minimize variation in the set itself (Table 5) . Actually, chromosomes classified as composing U* are the types fixed in certain of the nine populations, i.e., A3 is fixed in seven out of nine populations, B6 in two out of nine, C4 in six out of nine and, D5 in three out of nine. Five chromosomes, A3, Table 5 . Frequency of different types of chromosome E B6, C4, D5 and a certain type of E, constitute a set of U*, but these can hardly represent a set to constitute genome U. Similarly Al, Bl, C5, D2 and a certain type of E constitute a set of S*, but such a group can hardly represent a genetically harmonious set of five chromosomes or the genome S.
In the case of chromosome E it is impossible to apply the same method of classification as that employed with respect to the latter four chromosomes A-D. This is because none of types reaches a state of fixation.
However, it is unquestionable that both the S* and U* sets are chromosomally polymorphic (cf. Haga, Uchino and Watanabe 1975) .
Frequencies of certain types surpass half the total frequency, e.g., B6 in populations Fj and Hy and B7 in Kt and Mn of T. apetalon (Table 2 ). This indicates that certain homoeologous chromosomes from genomes S and U are indistinguishable by the patterns of H-segments, which from an observational point of view further intensifies the polymorphism of chromosome B, as in S* with respect to B7, and in U* with respect to B6. There are many kinds of limitations in extending such reasoning, which are only in part illustrated above. However, it may be safely concluded that both genomes S and U are chromosomally polymorphic.
SUMMARY AND CONCLUSION 1. Genomes S and U present in the genus Trillium (x=5) are always combined as an SU complex in species and hybrids, i.e., T, apetalon (2n=20, SSUU), T. smallii (2n=30, K2K2SSUU), T. Xyezoense (2n=15, K1SU) and T. X miyabeanum (2n=20, K2TSU).
2. Every one of the five chromosomes, A-E, that compose a genome reveals remarkable variations in the patterns of H-segments following cold treatment. By the patterns of H-segments different types may be distinguished and numbered for purposes of identification, i.e., Al-A7, Bl-B18, Cl-C10, Dl-D7 and El-E12. 3. The four component A chromosomes may be classL ed into two types, Al and A3, which occur in a 1:1 ratio in every one of the 50 plants of three out of seven populations of T. apetalon and of one out of two populations of T. smallii.
This indicates that genome S is fixed with respect to Al or A3 and genome U to A3 or Al, whereas, of the chromosomes of 50 plants from another population, 100 are A3, 77 Al and 23 A2. Thus, at least one of the two genomes, S or U, is chromosomally dimorphic. By the same lines of reasoning an estimation of minimal polymorphism is made. 4. B6 and B7 are homologous and homoeologous with respect to the series Bl, B2, B5, B6, B7, B11, Bl4 and B16. Certain homoeologous chromosomes are indistinguishable by the patterns of H-segments, e.g., B6 and B7. C4 is homoeologous with respect to the series of C2, C3, C5 and C6. D2 and D4 bear a homoeologous relationship to D4 and D5. The classification of chromosome E into two homoeologous series is not possible owing to the lack of a case of fixation with respect to a particular chromosome type.
5. Both diploid progenitors, SS and UU, must have been chromosomally polymorphic.
As a consequence the SU genome complex is polymorphic in both tetraploid T. apetalon and hexaploid T. smallii, the latter originating by hybridization between T, apetalon and an extinct diploid K2K2.
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